The numerous uses and properties of flavonoids are well known, in particular their antioxidant, cancer-control and antiinflammatory effects. These properties can be used to enrich the field of topically-applied sun protection. The aim of the study was to determine the effectiveness of various flavonoids and polyphenols. We have used an in vitro method based on the transmittance measurement after spreading an oil in water emulsion containing either flavonoids or polyphenols on polymethylmetacrylate plates. Chlorogenic acid and apigenin were the best UV-filter and UVA-filter, respectively. The flavonoids and polyphenols studied are good candidates for us e in photoprotective products.
The plant kingdom is richly endowed with molecules boasting a wide range of properties and which may be used in human medicine, either for prevention or cure. One particular molecular family commonly found in nature is flavonoids, which are found in fruits and vegetables. Currently, more than 6000 flavonoids have been identified. Their numerous uses and properties are well known, in particular, their antioxidant, cancer-control and anti-inflammatory effects [1] [2] [3] [4] [5] . These properties can be used to enrich the field of topically-applied sun protection [6] . Additionally, since some synthetic filters produce adverse reactions (for example, allergies, photoallergies, and estrogenic reactions) [7, 8] , it is very important to start considering alternative molecules.
For this work, we investigated 10 flavonoids (myricetin, luteolin, apigenin, puerarin, baicalin, baicalein, hesperidin, hesperetin, naringenin and diosmin) and 2 polyphenols (caffeic acid and chlorogenic acid). These molecules were incorporated into oil in water (O/W) emulsions at percentages between 2 and 10%. Once prepared, the formulas were then studied for effectiveness and photostability using an in vitro method. The spectrophotometric characteristics of the tested flavonoids and polyphenols are presented in Table 1 .
Results
describing the effectiveness and photostability of each tested extract are presented in Tables 2 and 3 . A previous publication quantified the effectiveness, measured at maximum usage concentration, of UVB filters currently approved for use in the European Union. The least effective filters proved to be 3-Benzyliden camphor (SPF = 1.66) and oxybenzone (SPF = 3.01), while the most effective filter was anisotriazine (SPF = 20). Because of its inferior tolerance, benzyliden camphor is only authorized at a 2% concentration, while oxybenzone, equally criticized for its allergenic properties, remains authorized at 10%. We thus determined that a molecule could be considered of interest for use as a sunscreen when it offered a minimum SPF of 3.00 at a 10% dose. Four molecules did not meet this criterion: hesperetin, hesperidin, baicalein and naringenin. The other molecules were then classified in order of increasing effectiveness: The same classification was applied according to effectiveness against UVA radiation. The four molecules that were not effective for UVB were also ineffective for UVA. The UVA classification is as follows:
Puerarin ( Therefore, the selected molecules behaved like broadband filters (qualified as such by their critical wavelength, generally higher than 370 nm) and as such, could be used to replace currently used synthetic molecules.
It is of note that these molecules were able to produce photostable sunscreen products in the majority of the experiments (9 out of 10). By photostable we mean that the SPF and the PF-UVA decreased by less than10% after 2 hours of exposure to the sun test. As for the polyphenols (caffeic acid and cholorogenic acid), these must be stabilized through combination with other filters. -2000) . The spectra were measured against a pure water sample in quartz cells with a 1 cm optical path length.
Preparation of sunscreen creams:
A detailed description of the preparation of the formula can be found in previous papers [9, 10] .
The various molecules to be tested were incorporated at various concentrations into the creams.
Study of effectiveness:
Thirty mg of precisely weighed product was spread across the entire surface (25 cm²) of a Polymethylmethacrylate (PMMA) plate using a cot-coated finger. After spreading, 15 mg of the product remained on the finger cot. SPF and PF-UVA of the creams were measured in vitro. Three plates were prepared for each product to be tested and 9 measurements were taken from each plate. Transmission measurements between 290 and 400 nm were taken using a spectrophotometer equipped with an integrating sphere (UV Transmittance Analyzer UV1000S, Labsphere, North Sutton, US). The calculations used the following equations, 1 and 2, respectively, for SPF and PF-UVA: 
where E λ is the spectral irradiance of terrestrial sun light, B λ is the erythemal effectiveness and MPF λ is the mean monochromatic protection factor [11] .
Determining photostability: A previous study hasdescribed the protocol [12] . The plates were irradiated for various times using a solar simulator (Suntest CPS+; Atlas, Moussy le Neuf, France) apparatus equipped with a xenon arc lamp (1500 W) and special glass filters restricting transmission of light below 290 nm. The temperature of the sampleswas kept low and constant using a tap water cooling circuit connected to the walls of the reactor. The light source emission was maintained at 650 W/m². Before and after irradiation, SPF and PF-UVA of the creams was measured in vitro. 
